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TESTS. OF FLAT PANELS WITH FOUR TYPES OF STIFFENERS 

By Alfred S . Niles 



• SUMMARY 

Fifty-one aluminum-alloy panels were tested as flat- 
end columns. The test specimens included all possible 
combinations of two lengths, four stiff e-ner b pad jags. , and 
four stiff oner designs, and were mostly in duplicate pairs. 
The test' data include the maximum loads carried, action of 
the panels after the maximum loads carried," action of the 
panels after the maximum lead had been passed, amount of 
twisting of the stiff eners , photographs showing the char- 
acter of failure of many of the panels, and other perti- 
nent items. 

Supplementary tests were made on 11 of the panels in 
simple bending and -on. 6 individual stiff eners in compres- 
sion. 



INTRODUCTION 



In 1938, Carah and Park (r'eference l) made a number 
of tests to determine the ultimate loa.ds of channels act- 
ing as cantilever beams subjected to concentrated forces 
at the free ends.. ' The ultimate loads obtained when the 
line of ac-ticn' of the force 'passed through the centroid 
of the section were found to be from 20 to 43 percent 
lower than those obtain-ed when th'e force was applied 
through the shear center. This considerable reduction in 
the ultimate load suggested the pos'-s ib i li ty ' t hat the load- 
carrying capacity of s he e t — s t if f e ner* c o rnb i na t i ons would 
be a maximum 'if the stiff ^ners were so designed that the 
line of action of ' t'he ■ f c r c e s due to interaction of sheet 
•and stif f ener: would pas's through' the shear center of the 
stiffener and be parallel to one of the principal axes 
'of its cross sect'ion-. 

To explore the validity of this hypothesis and to 
obtain additional data regarding the general problem of 
stiffener design, the four stiffener sections shown in 
figure 1 were selected. Per easier comparisons all four 
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sections were of the same sectional area and three, C, 
Z, and S, had equal moments of inertia about the cen- 
tral dal axis parallel to the flanges. The fourth section, 
U, was identical with the C section except that, when 
employed in combination with sheet, it was attached at the 
center of the web rather than at the flange* Study of 
figure 1 will show the following relations to exist when 
the four sections are used as stiff eners in connection with 
flat sheet. In all four cases the load imposed on the 
stiffener by the tendency of the sheet to buckle is assumed 
to act normal to the plane of the sheet and along the line 
of rivets. In the case of the C section, this force 
will be parallel to a principal axis cf the section but 
will pass to one side of the shear center, that point being 
"behind" the web. The shear center of the Z section will 
coincide with the centroid because of point symmetry, but 
the force will not be parallel to a principal axis. When 
the U section is used, the force will act along an axis 
of symmetry of the section and will thus act along a prin- 
cipal axis and pass through the shear center. 

The 5 section was developed by Brown and Van Every, 
who originated the project covered by this report. Although 
this section was devised independently by Brown and 
Van Every, its prior existence is shown by sketches in ref- 
erence 2, This section was devised to meet the requirements 
that the load should pass through the shear center in a 
direction parallel to a principal axis and that the moment 
of inertia I about a centroidal axis parallel to the 
sheet should be the same as for the C and Z sections. 
It was impossible to satisfy these conditions with a sec- 
tion similar to the U section without increasing the sec- 
tional ar ea . • 

Actually the S section was first proportioned to the 
approximate area and moment of inert ia desired. An angle 
between the web and the flanges- and a distance between 
flanges were selected arbitrarily. The angular position 
of the principal axes ttas then varied by changing the 
flange width and the results were plotted to determine the 
proper value that would make the principal axes parallel 
and normal to the flanges* Since the section has point- 
symmetry, its shear center is at the centroid. Thus, if the 
sheet is riveted at the location indicated in figure 1, the 
load imposed on the stiffener by the sheet passes through 
the shear center and is parallel to a principal axis of the 
section. 
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After the S section had been designed, the C and 
Z sections were developed so that they had the same area 
and moment of inertia about centroidal axes parallel to 
the flanges . Because the thickness and the developed width 
were fixed "by the design of the S section, the only in- 
dependent desi £ n v a r 1 a tie remaining was the distance "be- 
tween flanges. The variation of I with this quantity 
was plotted in a figure from which the .necessary depth of 
section was determined. 

Originally the four stiff ener sections were designated 
by the letters A, B, C, and D, and those letters are used 
throughout- this report to identify individual test spec- 
imens. When attached to the Dane Is , the assembly is iden- 
tified as PA, F3 , PC, and PD. During the test program 
it was found helpful to refer to the original M A M and 
"D" 'as U C M and "U" sections since they suggest those 
letters (see fig. l) when the sheet to which they are at- 
tached is in a horizontal position. When not attached to 
a sheet, they are both referred to at times as t.he "chan- 
nel M section-, because of their similarity to the structural 
channel, Similarly the original £ section came to be 
known as the 2 section on account of its similarity to 
the structural Z section. The original C section. was 
then named the S section since, when reversed, it sug- 
gests the letter S, and it was undesirable to attempt to 
distinguish between two different Z sections. The orig- 
inal designations are shown in parentheses in figure 1. 

Although all. four sections had the same area and three 
of them had the same moment of inertia about an axis parallel 
to' the flanges, it was realized that their behavior .under 
load might be quite different. To ascertain these differ- 
ences and to aid in tne interpretation of the action of the 
sheet-stringer combinations , individual stiff en -r specimens 
were tested as cantilever bean.?, as beams in pur e ' b e n d i n g , 
as beams in simple bending, arid as flat-end columns. The 
tests of the specimens as beams indicated nothing of signif- 
icance for int er -or e t ing the action of the panels except 
what could easily be deduced from accepted beam theory. 
Detailed, accounts of these tests, therefore, are not in- 
cluded in this report. 

In order to bring out more clearly any differences in 
the stiffening effects of the four sections used, the uanels 
were made of relatively heavy stiffeners and light sheet. 
The panels were made in two lengths and with four stiffener 
spacings that allowed information to be obtained on some 
of the other problems of panel design. 
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Although all the test material was obtained at one 
time, the tests extended over two school years and were 
made in three groups, and there were minor differences in 
technique among the groups. In the first year, the tests 
on individual stiff eners and compression tests on 20 
panels were made "by Brown and Van Every. In the second 
year, compression tests on 15 panels and bending tests on 
11 panels were made "by H • A. Miner. At the end of the 
second year, compression tests were* made on 16 panels "by 
the writer. With the exception of the data obtained in 
the third group of tests, the data in this report are taken 
from the. theses and test logs of the students mentioned. 

The writer received assistance from many sources in 
carrying out at Stanford University the study on which 
this report is "based. Special acknowledgment is due the 
Consolidated Aircraft Company for the gift of the test 
specimens, and to the National Advisory Committee for 
Aeronautics for the financial assistance that made pos- 
sible a more thorough study than could otherwise have 
been contemplated. Acknowledgment is also made to Messrs. 
Hussell W. Brown, Milton A. Miner, and Kermit S. Van Every, 
former graduate students on whose theses this report is 
largely based, as well as to the students who assisted them 
in making their tests; Normal Christensen, Roy P. Jackson, 
and Milton A. Miner are to be thanked for their assistance 
in carrying out t lie third group of tests of panels in axial 
compression and for the calculation of the result? of the 
tests. Messrs. Roy A. Miller and K. R. Jackman of the 
Consolidated Aircraft Corporation and Professors Merrill 
S. Hugo, S. T i mos henko , and Harry A. Williams of Stanford 
University are to be thanked for technical advice and 
assistance, and Messrs. 0. G . Warm, W. H. Cadwell, F. D. 
Sanham, R. H. Hare our t , W. W. Young, and T. J. Palmateer 
of Stanford University for assistance in the design and 
construction of test apparatus. 



TEST MATERIAL 



All stiff eners were formed on a brake from strips 0 f 
24S-0 material 0.064 inch thick and 2.52 inches widel The 
dimensions of the stiff ener sections and the corresponding 
section characteristics are shown in figure 1. The stiff— 
eners tested individually were in lengths of 16 and 24 
inches # 
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The stiffeners were heat treated, age hardened three 

days, and stretched to 3 percent permanent set in the 
straightening operation. The material then had the fol- 
lowing properties: 

Yield stress in tension, 1 b / s q in 5 6,000 

Ultimate stress in tension, Ib/sq in. • . 68,000 

Elongation in 2 in., percent 15 to 17 

Young's modulus, Ib/sq in 10,300,000 

These values were supplied "by the Consolidated Aircraft 
Corporation and verified at Stanford University within 
one— half of 1 percent by a standard tensile test. In 
this test two Hugge n"b er ger tensometers with 1-inch gage 
lengths were used to measure the strains of a carefully 
milled specimen cut from stiffen er D--2 . L o& d was applied 
"by a 20, 000-pound Tinius Olsen universal testing ma-chine. 

The panels were fabricated with 0,025— inch 24S-T 
sheet with the grain parallel to the -stiffeners. Bach 
panel had three stiffeners- riveted to the sheet with o/32— 
inch A 17S-T rivets (Lockheed Standard - Srazier - LS - 
1100 — 7/32 inch long, age hardened ei r -ht days "before 
driving). The rivet spacing was 3/4 inch with the end 
rivet's l/4 inch from the end of the specimen, Stiffener 
s pacings of 4, 6, 8, and 10 inches (rivet line to rivet 
line) were provided. Panel lengths of "both 16 and' 24 
inches. were used. The panels were supplied in "duplicate" 
pairs, "but one of the 24— inch panels and 12 of the 16 — inch 
panels were not tested. The other panels, 31 of 24— inch 
length and 20 of 16-inch length, were tested in compres— 
sion. At least one panel of each size was tested. In 
each panel the sheet was trimmed flush with the outside of 
the edge s t if f e ner s , and the ends were carefully ground 
plane to within 0.C0 2 inch over the entire width and as 
nearly parallel t% each other as possible. 

Both sheet' and stiffeners wert.- weighed prior to drill 
ing and the sectional areas of each wt-re computed, a den- 
sity of 0.1 pound per cubic inch being assumed. The ob- 
served weights and computed se-cticnal areas are listed in 
tabl.e 1. During the tests, numerous check "measurements 
were made on Ijbte test material. Mc-asur t-m • nt s of thickness 
over -a 11 width, and height of fehfc suction were taken at 
4— inch intervals along the lengths 01 t he individual stiff- 
eners and, in the gajse of the 3 sect- ion, the angle be- 
tween web and flanges wars also measured. For many of the 
panels, these measurements were supplemented by measure- 
ment of sheet thickness tak< n along the panel width and 
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length. The results were averaged and use&f f or an inde- 
pendent computation of sectional areas. Most of the 
linear dimensions of each specimen were within 2 percent 
of the average, hut the angle of the wet of the S sec- 
tion was not under s'uch -close- control. It varied as much 
as 4 percent within a specimen and also 4 percent from 
the value needed to make- one' principal axis parallel to 
the flanges. 

The computed areas based on these measured dimensions 
and the areas "based on weights were usually in close 
agreement, the maximum difference "being 0.038 square inch 
and the median difference 0.009 square inch. 

In addition to- variations within a specimen the di- 
mensions differed from the nominal. Study of half of the 
24— inch panels revealed variations in sheet thickness 
"between —4.4 and +8-. 8 percent from" the nominal, the median 
figure being"+1.6 -percent.' Stiffener thickness deviated 
between —2.5 and . 8 percent from the nominal and there 
was no deviation of the median. T'he moments- of inertia 
of the stiffener showed somewhat larger deviations from 
the nominal, which amounted in some case's to as much as 
12' percent. The deviations from nominal dimensions of the 
other specimens were of the' same order of magnitude. The 
action of the panels under test, however, indicated that 
the deviations, from nominal in moment of- inertia were of 
much less influence on the results than' those in sectional 
area. Although -some of these deviations from nominal may 
appear rather large, they are less than deviations likely 
to be encountered in actual construction and are repre- 
sentative of good shop practice . Although they prevent 
too fine distinctions being drawn from the test results, 
they do not prevent useful practical conclusions being 
drawn. 



APPARATUS AND TEST PRCC3DUE3 



£2i52l£__5.£I:li n £_>i£liS..^"' Eleven of the 24 — inch panels 
were tested as simply supported beams with concentrated 
loads at the midspan.' The test apparatus is shown in fig- 
ures 2 to 5. The entire testing equipment was' set up on 
the heavy plywood 'base mounted on a pair of wood horses 
shown in figure 2-. The plywood base was drilled to- allow 
steel rods to transmit the load from the lever system be- 
low the base to the panel, which was supported on rods • 
resting in V blocks. These end-support rods were of 
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1-inch diameter cold-rolled steel. They were properly 
spaced under the ends of the panel n cy steel templates, 
which located each end support 10.75 ± 0.05 inches from 
the center of the specimen. One of the support rods ras 
mounted on small roller pads to permit horizontal travel; 
the other rod* was fixed. 

Figure 4 shows d i agr amma t i c a 1 ly the method of load- 
ing a panel in simple bending. The load is divided into 
three equal parts by a lever arrangement, the loads being 
25-pound "bags of shot. This lever system was designed to 
fit all four stiff ener spacings (from 4 to 10 in.) "by 
relocating the hinge pins in the levers. When panels 
reinforced by C and S stiffeners with the skin in 
compression were "being tested, the loading rods could not 
he fastened directly to the steel blocks. The loads were 
therefore transmitted through the C — shape fittings shown 
in f igur e 5 , 

Deflections of the stiffeners were measured by dial 
gages. The gages at the ends (directly above the end 
supports) were individually mounted on adjustable stands 
and those measuring deflections ner.r the center were 
mounted on a single large hanger, likewise adjustable. 
This large standard provided also a means of mounting the 
scale for measuring stiff ener twist with the aid of 
aluminum— alloy pointers. The pointers, about 10 inches 
long, were glued to each stiffen er at the center of the 
panel, as shown in figures 2 and Z . In some preliminary 
tests it had been found that local def or ma t i on near the 
points of load application seriously affected the validity 
of the deflection readings taken at the center of the span. 
The cent er— def le c t i on readings were therefore taken at 
points lA inches from midspan. 

In the panel bending tests, the dial gages were set 
to zero and the initial pointer readings were made with 
the specimen under a' tare load of 26 pounds. Load was 
then applied in increments, usually of 100 pounds, until 
the total load amounted to from 226. to 376 pounds, de- 
pending on the stiffness of the specimen. The load was 
then removed in 50 pound decrements. Dial-gage and 
pointer readings were takan after each change in load, 
but only those readings obtained in the unl ad.ing process 
were used to plot the curves from which the panel stiff- 
nesses were computed. 



^£5£I^s_s i_on_t es t s_ Three sets of compression tests 
to destruction were made on panels. In the first set one 
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each of the 24-inch panels and one each of the 1G— inch 
panels with 4-inch stiff ener spacing, 20 in all, were 
tested. In the second set, the duplicates of the 24— inch- 
panels, with the exception of the panel with U stiff— 
eners and 4-inch spacing, a total of 15 panels, were test- 
ed. The third set was composed of one of each cf the 16- 
inch panels, 16 in all. Those panels with the 4— inch 
stiffener B pacing were duplicates of panels of the first 
set; the others v/ere panels of which duplicates were not 
tested. ...... 

All the compression tests were made in a Tinius Olsen 
hand— ope rat ed , 30,000-pound universal testing machine 
equipped with extension rods . In order to adapt this 
machine for panel testing, two c as e— har de ne d platens, 
shown in figure 6, were &ad$.« The upper platen was fin- 
ished from a mild steel "block 4 by 4 by 23 inches and the 
lower platen from a mild steel block 1 by 4 by 28 inches. 
Both nieces were milled approximately plane, case-hardened 
ground plane and parallel .within 0 * 001 inch, and lapped 
plane and parallel using a third surface. 

A system of tracing to* stabilize and guide the motion 
of the upper platen was run from the upper platen to a 
nearby H column, as shown in figure 6. This "bracing was 
chiefly effective in preventing rotation and movement of 
the upper platen normal 'to the plane of the panel. No 
special provision was necessrry to prevent movement of the 
upper platen parallel to the plane of the panel. Although 
this arrangement was cr ude • a n d ! 1 'ef t much to he desired, it 
afforded reasonably satisfactory, stability. To check on 
the behavior of the upper platen during the tests, deflec- 
tion measurements relative to the lower platen were taken 
at three points on the. unaer. surface, Thus, the deviation 
of the two platens from parallelism could always be deter- 
mined. These measurements also provided a means of meas- 
uring the total strain and the corresponding apparent aver 
age stress at each stage of the test. 

One of the chief objectives of the tests was to deter 
mine any differences in the tendencies of the different 
types of stiff eners to- twist under load. For this ourpose 
aluminum pointers about 1 foot long were glued to each 
stiffener near midheight, and a scale placed in a conven- 
ient position for measuring the movements of their free 
ends. These pointers and the scale are shown in figure 7. 



When possible , stiffener elongations were obtained by 
Hurgonber ger tensometer.s having a gage length of 1 inch. 
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The movement of the pointers of these gages were read to 
0.01 inch, which indicated a strain of l/l20,000. 

Some secondary apparatus and gages, which appear in 
figures 7 and 8, were used for measurements from which it 
was hoped to be able to compute the actual degree of re- 
straint of the stiff eners considered as columns. As this 
phase of the investigation, however, produced no results 
suitable for publication, the data obtained and the methods 
used for obtaining them are omitted from this report. 

The methods of positioning the specimen and carrying 
out the tests varied in detail among the three sets of 
tests. In all three sets, however , the specimen was first 
placed between the platens and held with a light load 
while its position was checked for continuity of contact 
with the platens. The load was next increased several 
thousand pounds and then reduced to an initial load of from 
2000 to 3000 pounds. If, during this process of loading 
and unloading, the indications of lack cf uniform distri- 
bution were not excessive in magnitude, the position of the 
specimen was considered satisfactory. The criterions for 
satisfactory specimen location differed quantitatively be- 
tween the test groups, but, in general, a difference of 
0.002 inch between the readings of the gages measuring the 
vertical movement of the upper platen with respect to the 
lower was the maximum allowed. Because two of these gages 
were nearly 28 inches apart, the permissible relative rota- 
tion of the platens about an 'axis normal to the plane of 
the specimen was very small. In the second and third groups 
of tests, tensometers were also attached to the edge stiff— 
eners and the permissible difference between their readings 
was held tc a fraction of a scale division. If the differ- 
ence in platen movement or tensometer readings indicated 
excessive differences between the loads carried, by the edge 
stiffeners, the position of the specimen was changed until 
a satisfactory position was obtained. 

When the specimen had been satisfactorily placed in 
the testing machine, all measuring devices not previously 
applied were attached and the main test run was started. At 
first, loads were imposed in equal increments of 1000, 1500, 
or 2000 pounds, but, as the ultimate load was approached, 
the testing machine was kept balanced as nearly as possible 
and stopped for observations after selected increments of 
specimen shortening or when the beam dropped suddenly because 
of the yielding of the panel. Before the ultimate load was 
reached, the tensometers and such dial gages as might be in- 
jured by the failure of the specimen were removed. 
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In the first set of tests, relatively little atten- 
tion was paid to the action of the panels after the maxi- 
mum load had "been reached. In the second and particularly 
in the third set of tests, much more attention was paid to 
the action of the panels at that stage. 

After failure of one or more elements of the panel, 
travel of the loading head was continued to permit obser- 
vation of the action of the other elements. The varia- 
tions of load carried as failure progressed were recorded 
and notes were taken of the types and locations of failure, 
For a few specimens of the second set (24— inch panels with 
10— inch stiff ener spacing) phctographs were taken of the 
panel under the initial load of 3,000 pounds, at failure, 
and after failure when the load had been reduced to 3,000 
pounds. These photographs give evidence of the type and 
magnitude of the failure. In the third set of tests, 
after the load had dropped to about three-quarters of the 
ultimate (in three cases it suddenly dropped to a much 
smaller fraction), the test was stepped and a photograph 
was taken of the panel to illustrate the character of the 
def or mat i on . * 

One 16-inch and one 24-inch length of each stiffener 
section was tested to failure as a flat-end column. The 
apparatus and procedure used in these tests were the same, 
as far as applicable, as for the compression tests of pan- 
els. More detailed description of these tests is there- 
fore considered unnecessary. 



PE - CIS ION 



To assure uniform d is tr ibut i on of the load, the. 
platens were lapped plane within 0.^0005 inch. During 
the tests of the first two groups the relative movements 
of the ends of the platens (about 28 in . apart) did not 
differ by more than 0.0030 inch-prior to yielding of the 
specimen, which represented, a relative angular movement 
of only about O.'OOOl radian, or 0.006°. ?or a panel with 
4-inch stiffener spacing and lC-inch length,, this condi- 
tion would r e-pr .< s ent" an increase in the axial stress of 
0.0001 by 4 by 1 0 , 3 00 , 0 0°/ 1 6 = 258 pounds per square inch. 
In the third, group of tests of the platens were not kept 
so closely parallel, but thq uniformity in stiffener 
stresses was continuously checked by the tensometers and 
the results of the tests of 16— inch panels with 4-inch 
stiffener spacing. are in such close agreement with those 
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of the corresponding panels 3f the first group as to give 
confidence in them. Measurement of the twist of the 
st iff eners as obtained from the pointer readings was pre- 
cise to within ±0.002 radian. This value was an appre- 
ciable fraction of most of these rotation readings, since 
the latter were so small, but the precision was adequate 
for qualitative results and conclusions. 

The Tinius n lsen testing machine was graduated to 
the nearest 5 pounds, but difficulty of keeping the beam 
in exact balance reduced the precision of the load read- 
ings to about +50 pounds when the beam had to be ket)t in 
balance while the strain was being increased. The ma chin 
itself was known to be accurate to within plus or minus 
one— half of 1 percent. On the whole, the precision of 
total loads may be assumed to be ±0.7 5 percent; whereas 
differences between loads of about the same magnitude 
recorded for a given test are correct to within ±50 pound 
if it were in motion when the reading was taken. 



SYMBOLS 

b width of panel between stiff eners, inches 

L length of panel, inches 

s developed length- of center line cf stiffener, inches 

t thickness of stiffener, inch 

A stiffener cross-secticnal area, square inches 

r inside radius of' bends, inches 

I moment of inertia about stiffener centroid, inches 

6 panel deflection in bending, at panel center, inches 



E modulus of elasticity 

F compressive load, pounds 

W bending load, pounds 

EI flexural rigidity 
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TEST RESULTS 



Panel pending tests, - In the panel bending tests the 
deflection of a point near trie center of each stiffener 
from a line joining the points of support was determined 
"by subtracting the gage reading at that point from the 
average of the gage readings at the supports. The result- 
ing center-stiff ener deflections were plotted as shown in 
figure 9 against load per stiffener and straight lines fit- 
ted as closely as possible to the plotted points. The 
slope of this line for each stiffener was then determined, 
to find the ratio of load to deflection Wf/ 5 i For the di- 
mensions of the test set— up, the ordinary formula for beam 
deflection reduced to EI = 201.6 tf/fi . The values of SI 
obtained from this expression are recorded in table 2, in 
which EI a and BI 3 are the observed stiffnesses of the 
edge stiff eners and EI S that of the center stiffener. 
For purposes of comparison the table includes the computed 
values of 31 for the center stiffener based on measure- 
ments of the actual cross section and an assumed value of 
10,300,000 pounds per square inch for E. This table in- 
cludes also the maximum load imposed on the panel in each 
tes t . 

In addition to the measurements of deflection, the 
movements of the free ends of the pointers glued to the 
stiffener webs were recorded in order to obtain information 
regarding the tendency of the stiff eners to twist. For 
most of the panels, this procedure was followed only when 
the panel was tested with the skin in tension, on account 
of the difficulty of obtaining the information when the 
stiff eners were below the sheet. With panel PA 16, however, 
these readings were taken for the two edge stiff eners. 
Table 3 shows the length of the pointer, and the total move- 
ment of the free end of the pointer in inches. The plus 
and minus signs indicate whether the reading of the pointer 
on the scale increased or decreased with increase in lead. 
In some cases, the movement of the pointer changed in direc- 
tion and this change is indicated by the symbol ±. 

Pane l^c^nrer e ssi on__t es ts^- The maximum axial loads car- 
ried and the types of failure exhibited by the various pan- 
els are summarized in tables 4 and 5. These tables include 
also two values of unit stress corresponding to each ultimate 
load, One is the average stress obtained by dividing the 
load by the total sectional area of the panel from table 1. 
The other is the load divided by the sectional area of the 
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stress carried by the panel fee clause t he -first computation 
uses too much and the second, too little 01* the area, of 
t he sheet. 

For each test the recorded readings of the gages that 
measured the movement of the upper platen were used to 
obtain curves of average panel shortening against axial 
load, as shown in figure 10. First the actual gage read- 
ings were plotted against load and the movements of the 
three gages were shown by curves 1, 2, and 3, These curves 
were extrapolated to zero load to determine the shortening 
which took place "between zero load and the load at which 
the first measurements were taken. 3 %nce the lower por- 
tions of the "basic curves were q_uite straight, this ex- 
trapolation could he done with satisfactory precision. The 
readings for each load were then averaged, the estimated 
shortening at the initial load added, and the "average 
curve" drawn. Since two gages were at one end of the 
platen and only one was at the other end, the reading of 
the single gage was given double weight in computing the 
average. The average shortenings of the different panels 
under a group of representative loads, as obtained from 
these curves, are listed in tables 6 and 7. 

The approach of failure of all the panels was indi- 
cated by definite signs. The sheet used in their fabrica- 
tion was so thin- that, even under the initial loads, it 
normally exhibited buckles in the areas between stiff eners. 
These buckles grew as the load increased, but little atten- 
tion was paid to the details of the development, since 
that type of action has been studied more carefully by 
Ramberg, McFherson, and Levy in reference 3 and by other 
experimenters. Since this buckling was .present throughout 
the tests, it could hardly be considered a true indication 
of Impending failure. 

The first sign of impending failure was usually the 
buckling of the skin between rivets connecting it to the 
stiff eners. This buckling could seldom be seen at the 
center st if f ener , but was easily visible at the edge stiff- 
ened s. Often this condition became noticeable on both 
edges "at the same load, though in many tests it was seen 
on'one edge before on the other. These buckles developed 
so gradually that it was difficult to know just when they 
began to ar/oear. The loads at which they were noted in 
the third set of tests are recorded in table 8« The cor- 
responding data for the other two sets of tests are not 
so complete, hut there appeared to he little difference 
in the'range of loads at which this wrinkling first ho came 
noticeable between the 16- and the 24-inch panel groups. 
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As the strain was further increased the free edges of 
the stiffeners on some specimens "began to appear wavy and 
later developed definite "buckles, at which points failure 
subsequently took place. This waviness did not become 
apparent on many of the panels, however, until after the 
maximum load had "been passed. The loads at which it was 
first noticed on each of the stiffeners of panels of the 
third group are listed in table 8. The approach of maxi- 
mum load of some panels was warned by visible twisting of 
one or both of the edge stiffeners. The load at which this 
twisting was first noticed is also recorded in table 8 for 
the third test group. On many of the panels, however, no 
such stiffener twisting was noticeable, even at the end of 
the test. Practically no information on these points was 
recorded in connection with the tests of the first two 
groups of panels. 

The best indications of approaching failure were the 
drop in load while the testing machine was stopped to take 
readings and the cecrease in the rate of change of load 
while the testing machine was in motion. Under low loads 
there was no drop in the load on the specimen while a set 
of readings was being taken. As the loads increased, how- 
ever, it was found that during the time to obtain a set of 
rea.dings the equilibrium load of the panel decreased, al- 
though there was no change in the position of the upper 
platen. At first this decrease v/ould be a matter of only 
10 pounds or so, but with increased strain, it became 
progressively greater, and before a. test was completed 
might amount to as much as 100 pounds. These effects can be 
seen from figure 11, which shows to enlarged scale the 
upper portion of a curve of representative load against 
axial shortening. The same figure shows how the slope 
of the curve progressively decreases as the maximum load 
is approached. In the tests t nis action seemed more pro- 
nounced than it does in the figure and was the most obvious 
sign of approaching; failure. 

The action of the panels of the third group of tests 
as the maximum load was approached and after it had been 
passed was closely observed. In the typical cycle of 
action, as the stra.in increased, the equilibrium load in- 
creased to a maximum and then began to decrease, At times 
some part of the panel gave way suddenly wiien the load was 
at a maximum, but usually there was some gradual decrease 
in load with increase in strain before a partial failure 
and sudden drop in the equilibrium load occurred. If the 
testing machine were stopped to permit the taking of gage 
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readings, as was done after each sudden drop in load or 
when the amount of increase in strain made such action 
appear advisable, the equilibrium load was found to have 
decreased further while the readings were "being taken. 
As the strain was increased after the readings were taken, 
the cycle was repeated, starting with an increase in 
equilibrium load, except that, after the panel had been 
very badly deformed, the equilibrium load might show no 
such increase. The action of these panels under large 
strain can be. followed from the record of table 9. 

In this table four phases of the typical cycle are 
recognized and the corresponding loads are recorded. 
Those recorded for phase A are the ones at which the equi- 
librium load reached a maximum. The phase 2 load? are the 
equilibrium loads just prior to a sudden drop in that 
quantity. When the testing machine was stopped for read- 
ings although there had been" no sudden drop in load, no 
figure is entered for that phase t The phase C loads are 
the equilibrium loads when the taking of a set of dial 
gage and pointer readings was started and the phase D 
loads, those when the set of readings had be^n taken and \ 
the straining of the specimen was resumed. In order to 
emphasize the few cycles in which there was no drop in 
load from the phase A maximum to the phase B load at which 
there was a sudden drop, the corresponding phase B loads 
are indicated by . f o o t n o t e s . 

The failure history of panel PD-3 can thus be read 
from the table as follows: The equilibrium load increased 
to 20,725 pounds and then gradually decreased to 20,530 
pounds, at which point the ma.chine . was stopped for readings. 
When the readings had been taken, it was found that the load 
had dropped to 20,450 pounds. With increase of strain, 
the load gradually rose to 21,630 pounds and then slowly 
dropped to 21,430 pounds when a new set of readings was 
taken. When these readings had been completed the load 
had decreased to 21,380 pounds, but with increased strain 
it rose to 22,020 pounds and again began to decrease grad- 
ually. At 21,895 pounds, however , there was i a sudden drop 
of load to 30 ,310 pounds due to some failure in the panel. 
After readings of strain had been taken, the equilibrium 
load had further decreased to 20,270 pounds. With further 
increase of strain the load rose to 20,700 pounds, at which 
point there was a sudden failure that caused the load to 
drop to 6,200 pounds. The story of this panel failure is 
further illustrated by figure 11, which shows graphically 
the variation in equilibrium load with increased strain. 
In this figure the only fully validated points on the curve 
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are those . plot ted from the readings for phases C and B« 
The location of the curve iDetween such points is hypothet- 
ical, "but is believed to "be., at least qualitatively, cor- 
rect. The "broken line in the figure indicates the slope 
of the load-shortening curve .in, the ne i ghb or h o od . of zero 
load . •. • • . 

or a more complete understanding of the action of 
the third group of panels under large. strain, table 10 
gives selected excerpts from the test logs. The loads at 
which the various events ( \;re shown in this table are those 
corresponding to. phase C of table 9, that is, the equilib- 
rium loads noted just before the data, were recorded. 

The data, on the equi.l ibr ium loads after the ultimate 
had been passed are much less complete and reliable for 
the panels of the first two groups than for those of the 
third. Table 11 is a record of such data a s could be ob- 
tained from the logs of the second group of tests. In 
these logs the loads for phase D are seldom entered, and 
no clear distinction is made between the loads for phases 
A and B, because the decision to make a detailed study of 
the question was not made until after the second group of 
tests had "been completed. 

Because of the difficulty of adequately describing 
the appearance of the panels at failure, a set of sequence 
photographs was taken of the 10— inch spacing specimens of 
the second test group. Thes e . rjhot ographs are shown in fig- 
ures 12 to 15. The panel ready for testing and subjected 
to the initial load, usually 3 000 . pounds , is shown in each 
of these figures in (a).. In (b ) the panel is shown just 
after failure, and in (c) the degree to which the specimen 
returned to its original state is shown. Figures 1G and 17 
are additional views of the failure of panel PD-16 , taken 
at the same time - as • the view in figure 15(b). In the 
third series of tests (most of the tests of 16— inv panels), 
a -group of phot ographs (f igs .. 18 to 33) was taken to illus- 
trate the action of the panels after the ultimate load had 
been passed. After the ultimate load had been re-ached, -he 
shortening was continued until the. load had considerably 
decreased. .Usually the load was reduced to about 15,000 
pounds, but the amount depended somewhat on the magnitude 
of the ultimate. Sometimes, the panel would suddenly fail 
with a loud noise and the load drop to about one-half or 
two-thirds of the amount that it had been carrying. The 
photograph was then taken to show the deformation under 
this condition. 
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For a number cf the tests the angular rotations of 
the pointers glued to the stiffeners were computed from 
the measured movements of their free ends and plotted 
against load. These curves for the third set of panels 
are shown in figure 34 to 37. Corresponding curves for 
the other panels would "be very similar. In addition, the 
pointer rotations for each panel under three loads, in- 
cluding the last load before the ultimate was reached, 
termed the "sub-critical load" in this report, were com- 
puted and recorded in tables 12 and 13. When the pointer 
rotations were recorded, no correction was made for pos- 
sible movement between actual zero load and the first load 
at which readings were taken. This omission was justified 
by the negligible movements recorded for the first few 
increments of load in every test. 

The manner in which the stiffeners of each type failed 
when used in the panels appeared to be a characteristic of 
the design, which defended to some extent on the length of 
the panel. With only one exception, and that questionable, 
the failures of the Z, S, and U section stiffeners in the 
16-inch panels were primarily of the local buckling type. 
As the load approached, the ultimate, bulges formed in the 
flanges, eventually gave way, and thus caused the total 
load' to drop. In panels FB-1 and PC-1 , which had Z and 
S section stiffeners with flanges parallel to the sheet, 
it was noticed that the buckles in the flange adjacent to 
the sheet were the more pronounced and gave indications of 
having occurred first, although in all instances both 
flanges buckled in approximately the same relative location, 
In the other 16-inch panel tests, few notes were taken re- 
garding the relative magnitudes of the buckles in the two 
flanges of a stiffener, but in several tests it was noted 
that "the bulge in the riveted flange was larger than that 
in the free flange. The failures of nearly all of the C 
section stiffeners in the 16-inch panels, on the Other hand 
were primarily torsional. In the test of panel PA-8 , how- 
ever, the local buckling appeared to be the primary cause 
of failure with the twisting secondary. 

In the tests of 24-inch panels, the C sect ion^st iff- 
eners uniformly failed primarily in torsion, though in the 
panels with the wider stiffener spacings (panels PA-14 and 
PA-16) local buckling was noted as^a contributory factor. 
In this length, the Z section (KB series) also appeared 
to fail primarily by twisting, though normally with accom- 
panying local buckling. The stiffeners of S and U sec- 
tions failed normally by local buckling, though twisting 
was also noticed in a number of the tests. 



18 



NACA Technical Note No. 882 



On the whole ,': : the U section stiff eners showed the 
least evidence of twisting, in spite of the method used 
to measure that action. With the other sections, the 
pointers were attached to the webs and measured rotations 
of the. whole stiffener. .The pointers were attached to 
stiff ener. flanges of the 'U section and in some tests 
appeared to. measure flange rotation- due to local "buckling 
rather than, rotation of the stiff ener section, as a whole,' ■ 

The failures' of most" of the panels .after, passing ' 
maximum load' were 'gradual, the panels exhibiting a' re- 
marka.b-le ability to be deformed -without much drop in the 
equ i 1 ibr i.um loa ; d . S-ome of the pan e 1 s w i t h ] U section- : 
stiff e.ners', however', failed" rather suddenly. The fail— •• 
ures of the two 34-inch pane-Is with 10-inch stiffener 
spacing (PD-15 and PD-16) were very similar. At maximum 
load the edge stiff eners suddenly twisted in toward the 
center stiffener. The failure was accompanied by a loud 
noise and. a much larger drop in equilibrium load than was 
experienced for any of the other 24-inch panels. In the 
16— inch panel tests, also, the U section panels showed 
a tendency to complete and sudden collapse at final fail- 
ure, such, "behavior shown by three of the five panels 
tested. .In this length tendency to the explosive type 
of failure took place with spacings of 4, 6, and 10 
inches and did not take place with the 8-inch or the dup- 
licate 4-inch spacing panel. In one respect the violent 
failures of the shorter panels differed from those of the 
longer ones. Instead of taking »pl4c.e under the maximum 
1 oad , . f ai lure did not occur until the equilibrium load 
had passed, the maximum an.d had experienced an appreciable 
drop. " ' 5 . i 

C o luifliij tesvt s of individual s t if f ener s The ultimate 
loads and c or r e sp.ond i n g unit stresses 'of the 'individual 
stiff eners tested as flat-end columns are listed in table 
14. In these tests measurements of midpoint rotation and 
change in slope near the ends were*. .made in bt$ev to deter- 
mine from them the actual degree of erld restraint, but the 
applicability of the method proved questionable and those 
data were not used. * . . ' ' . • 

The shorter Z (3-1) failed by local buc k ling' f ol 1 ow- 
ing some plastic b e n d i n g. ab ou t its axis of minimum stiff- 
ness. Th.e 'S : section of th.e same length ( : C— l')' showed a 
gradual plastic bending oyer a considerable portion of its 
length. ^ The shorter channel (D-l) failed prrnTarlly by 
twisting.'" "The ends of this specimen r e'ma i ne d f la t against 
■the platens • and the distorted column axis formed a single 
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large symmetrical sinusoidal wave with rather definite 
points of tm£le#*lom. In the longer lengths "both the Z 
and S sections (I -5 and C— 5 ) failed in the manner char- 
acteristic of long c 0 luLns , &ef lefct lag in the directions 
~f the minnr axes of the cr^ss sections and exhibiting 
little tendency to twist. The longer channel (D-5) failed 
torsionally in the sam^ manner as the shorter one (Jj—1). 

Stanford Un i v e r s i t y , 

Stanford Un 1 v r- r s i t y , Calif., July 29 , 1942. 
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TABLE 1.- PANEL WEIGHTS AND DIMENSIONS. 



Panel 


Type 
3tiff- 
ener 


Length 
(in.) 


Stiff- 
ener 


Weight 
(grams) 


Sect 


ional area 
(sq in.) 


spacing 
(in.) 




O V XX X — 

ener 


oneet 


Stiff- 
ener 


Total 


PA -1 


C 


16 


4 


177 


345.5 


0.244 


0.475 


0.719 


PA -2 


C 


16 


4 


165 


344 


.228 


.474 


.702 


PA -4 


c 


16 


6 


236 


343.5 


.324 


.472 


.796 


PA -6 


c 


16 


8 


324 


345.5 


.446 


.475 


.921 


PA -8 


c 


16 


10 


389 


343.5 


.536 


.472 


1.008 


PA- 9 




O A 
£4 


A 

4 


233 


513.5 




.471 


.685 


PA-10 


c 


24 


4 


242 


507.5 


.222 


.466 


.688 


PA-11 


c 


24 


6 


339. 5 


512 


.311 


.470 


.781 


PA-12 


c 


24 


6 


345 


515.5 


.316 


.472 


.788 


PA-13 


c 


24 


8 


477.5 


523.5 


.438 


.480 


.918 


PA-14 


c 


24 


8 


472 


507.5 


.433 


.466 


.899 


PA-15 


c 


O A 

#c4 


1U 


Oi7X * O 


511.5 


. O'xO 


.469 


1.012 


PA-16 


c 


24 


10 




515 .5 


.532 


.472 


1.004 


PB -1 


z 


16 


4 




SSI 


.234 


.455 


.689 


PB -2 


z 


16 


4 


ibo • 0 


oox • o 


.232 


.456 


.688 


PB -4 


z 


16 


6 


9^P ^ 
*COO • O 




.328 


.481 


.809 


PB -6 


z 


16 


8 • 


330 


331 


.455 


.455 


.910 


PB -8 


z 


16 


10 


393.5 


332.5 


.543 


.458 


1.001 


PB -9 


z 


24 


4 


£o(J 


4yi 




■ 1 TkJ\J 


.679 


PB-10 


z 


24 


4 


«c<cb • o 


4yo . o 


.208 


» too 


. 661 


PB-11 


z. 


24 


6 


TAX c: 
040. 0 


4;?0 


.315 


4.^4- 


. 769 


PB-12 


. z 


24 


6 


347 


500 


.318 


.459 


.777 


PB-13 


z 


24 


8 


463.5 


500 


.425 


.459 


.884 


PB-14 


z 


24 


8 


467 


496.5 


.429 


.456 


.885 


PB-15 


z 


24 


10 


583 


501.5 


.535 


.460 


.995 


PB-16 


z 


O A 

<c4 


10 


581 


497 


. ooo 


.456 


.989 


PC -1 


b 


i-b 


A 

4 


159.5 


347.5 


.220 


.478 


.698 




c 
o 


lb 


A 

4: 


164 


346.5 


.226 


.477 


.703 


PC -4 


o 


lb 


b 


235.5 


342 


. 325 


' .471 


.796 


PC -6 


D 


lb 


o 


309 


333.5 


. 427 


.459 


.886 


PC -o 


s 


lb 


1U 


372.5 


346 


. 514 


.476 


.990 


PC -9 


s 


24 


4 


*CO*- 


ol f 


.213 


A 7 A 
.4(4 


. bo ( 


PC-10 


s 


24 


4 


/COO 


01b . o 


.216 


A'7A 
.4/4 


con 

. byu 


PC-11 


s 


24 


6 


O'xO . 0 


olO 


.319 


• 4t I O 


7Q9 


PC-12 


s 


24 


6 


352 


511 


.323 


.469 


.792 


PC-13 


s 


24 


0 


456 


513.5 


.418 


.472 


.890 


PC-14 


s 


24 


8 


4or.b 


Ol / 


.420 


AH A 

. 4 r 4 


OC\A 
• Qt?4 


PC-15 


s 


24 


10 


c; 7C c 
o f b . o 


OU4 . 0 


.529 


. ffcOO 




PC-16 


s 


24 


10 


*^7P 
0 (ci 


OUU . 0 


.530 


. ftoy 


QP^ 


PD -1 


0 


16 


4 


X D1 


348 


.226 


479 


. 705 


PD -2 


u 


16 


4 


166 . 5 


353 


.230 


. 485 


. 715 


PD -4 


u 


16 


6 


237.5 


345 


.328 


.475 


.803 


PD -6 


u 


16 


8 


290 


344 


.400 


.474 


.874 


PD -8 


u 


16 


10 


596 


345 


.546 


.475 


1.021 


PD -9 


u 


24 


4 


240 


520 


.220 


.477 


.697 


PD-ll 


u 


24 


6 


369 


509 


.339 


.467 


.806 


PD-12 


u 


24 


6 


345.5 


502 


.317 


.461 


.778 


PD-13 


u 


24 


8 


464 


513.5 


.426 


.472 


.898 


PD-l^x 


u 


24 


8 


471 


514 


.432 


.472 


.904 


PD-15 


u 


24 


10 


589 


515 


.541 


.473 


1.014 


PD-16 


u 


£4 


10 


593 


513 


.544 


.471 


1.015 
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TABLE 2.- PANEL STIFFNESS FROM SIMPLE BENDING TESTS. 



Stitt- 

ener 
spacing 

\m. ) 


Panel 


Measured 

T 
W 


Compute 
EI g 

(d) 


dj Max- 
1 imum 
I load 

I 


Experimentally determined EI values 0 


Sheet in tension 


Sheet 


in compression 


JI X 


K 2 


EI 3 


EI-l 


EI 2 


EI 3 


4 


PA-10 


0.0291 


300 


276 


130 


202 


181 


134 


173 


144 




PB-10 


.0307 


316 


376 


350 


379 


389 


270 


319 


347 




PC-10 


.0319 


329 


276 


430 


442 


439 


387 


419 


419 


6 


PA-12 


,0312 


321 


326 


153 


237 


201 


169 


200 


147 




PB-12 


.0328 


338 


326 


357 


1 451 


418 


389 


352 


262 




PC-12 


.0323 


333 


351 


464 


507 


447 


439 


445 


410 




PD-12 


.0118 


122 


276 


175 


196 


179 


164 


171 


165 


8 


PA-14 


.0279 


287 


276 


155 


194 


179 


113 


186 


173 




PC-14 


.0341 


351 


376 


427 


550 


422 


409 


432 


389 




PD-14 


.0115 


118 


276 


149 


185 


161 


169 


169 


157 


10 


PA-16 


.0311 


320 


226 


143 


211 


185 


127 


224 


142 



"Measured I 2 " in column 3 is the moment of inertia of the center 
stiff ener a"bout a centroidal axis parallel to the sheet, computed 
rom measurements of the actual stiff ener. 

"Computed EI 2 H in column 4 is the value in column 3 multiplied "by 
10,300. Tabulated values are in thousands of pound-inch units. 
c "Experimentally determined EI values" in columns 6 to 11 are 
computed from the slopes of the load-deflection curves of the 
individual stiffeners, using the relation EI = 201. 6W/ 6, EI-, and 
EI pertain to the edge and EI to the center stiffener. Tabulated 
values are in thousands of pound-inch units. 
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5 ABLE 3*- STIFFMER TWIST OF PANELS IN BENDING. 

[Rotation is positive when pointer readings increase 
with increase in load. Plus or minus sign indicates 
that a change in direction of motion was noted.J 



Panel 


Arm 
lengti 
(in.) 


Total 


Movement 


of end of 


pointer 




load 

(It) 


1 

(in.) 


2 

(in.) 


3 

(in.) 


Sheet in Tension. 


PA - 10 


10-5/8 


276 


•♦0.80 


+0.40 


+ 0.47 


PB - 10 


10-1/4 


350 


- .05 


+ .04 


+ .05 


PC - 10 


10 


326 


+ .05 


+ .09 


+ .02 


PA - 12 


10 


326 


+ .99 


+ .46 


+ 50 


PB - 12 


9-3/4 


326 


+ .09 


♦ .03 


- .10 


PC - 12 


10-3/4 


351 


+ .02 


+ .01 


- .12 


PD - 12 


9-3/4 


276 


■» .11 


- .03 


- .05 


PA - 14 


10-3/4 


276 


+ .90 


+ .49 


+ .53 


PC - 14 


10 


376 


+ .23 


+ .09 


- .16 


PD - 14 


8-3/4 


276 


+ .22 


♦ .08 


+ .05 


PA - 16 


10-1/4 


226 


+ .75 


+ .40 


+ .40 


Sheet in Compression 


PA - 16 


4-1/2 


226 


+0.37 


not rec- 
orded 


+ 0.57 
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TABLE 4.- ULTIMATE LOADS AND UNIT STRESSES ON 24-INCH PANELS. 



Panel 


Ultim- 
ate 


Stiff- 
ener 


Average 

8 tiff - 


Total 
area 


Average 

ulti- 


Percentage] '. 
variation 1 1 


rest 


Type 

OI 




load 

(lb) 


area 

(sq in 


ener 
stress 

. )(lWsq 
in. ) 


(sq 
in.) 


mate 

stress 

(lb/sq 
in.) 


Ulti- 
mate 
load 


Av- 
er- 1 

str- 1 

ess j 


failure 8. 










stiff ener spacing 






PA- 9 
PA-10 
PB- 9 
PB-10 
PC- 9 
PC-10 
PD -9 


16,200 
16,000 
17,200 
17,120 
20,800 
20,450 
18,400 


0.471 
.466 
.450 
.453 
.474 
.474 
.477 


34,400 
34,300 
38,200 
37,800 
43,900 
43,100 
38,600 


0.685 
.688 
.679 
.661 
.687 
.690 
,697 


23,600 
23,300 
25,300 
25,900 
50,300 
29,600 
26,400 


-1.2 
-' .5 
-1.7 


-1.3 
2.4 
-2.3 


i 

2 
1 
2 
1 
2 

x 


T 

T 
T,L 
T,L 

L 
L,T 

L 








6-inch 


stiffener spacing 








PA-11 

j rV~ JL_L 

PA-12 

PB-11 

PB-12 ! 

PC-11 

PC-12 

PD-11 

PD-12 


15.900 
16,500 
17,500 
21,000 
20,450 
18,400 
17,985 


470 
.472 
.454 
.459 
.473 
.469 
.467 
.461 


^"i l on 
33 700 
36,300 
38,100 
44,400 
43,600 
39,400 
39,000 


.781 

.788 
.769 
.777 
.792 
.792 
.806 
.778 


18 , 700 
20,200 
21,400 
22,500 
26,500 
25,800 
22,800 
23,100 


8.9 
6.1 
-2.6 
-2.3 


8.0 
5.1 
-2.6 
1.3 


1 
2 
1 
2 
1 
2 
1 
2 


T 
i 

T 
T,B 
T,L 

L 
L,T 

L 

L 








8 -inch 


stiffener spacing 








PA-13 
PA-14 
PB-15 
PB-14 
PC-13 
PC-14 
PD-13 
PD-14 


17,100 
15,100 
17,900 
17,740 
20,800 
21,135 
18,000 
18,210 


.480 
.466 
.459 
.456 
.472 
.474 
.472 
.472 


35,600 
32 400 
39,000 
38,900 
44,000 
44,600 
38,100 
38,600 


.918 
.899 
.884 
.885 
.890 
.894 
.898 
.904 


18,600 
16,800 
20,200 
20,000 
23,400 
23,600 
20,000 
20,200 


-11.7 
- .9 
1.6 
1.2 


-9.7 
-1.0 
.9 
1.0 


1 
2 
1 
2 
1 
2 
1 
2 


T 
T,L 
T,L 
T,L 
L,T 

L 

L 
T,L 








10-inch 


stiffener spacing 






PA-15 
PA-16 
PB-15 
PB-16 
PC-15 
PC-16 
PD-15 
PD-16 


15,600 
14,875 
17,300 
18,280 
20,000 
19,950 
17,500 
17,600 


,469 
.472 
.460 
.456 
.463 
.459 
.473 
.471 


33,300 
31,500 
37,600 
40,100 
43,200 
43,500 
37,000 
37,300 


1.012 
1.004 
.995 
.989 
.992 
.989 
1.014 
1.015 


15,400 
14,800 
17,400 
18,500 
20,200 
20,200 
17,500 
17,300 


-4.6 
5.7 
- .2 
.6 


-5.9 
6.3 

0 
0 


1 
2 
1 
2 
1 
2 
1 
2 


T 
T,L 

T 
T,L 
L,T 

L 
L,T 
L,T 



*No tation of types of failure: 
B, "bending 
L, local buckling 
T, torsional 

Where two types of failure were observed in the same test, the 
one that seemed to be the primary type is listed first. 
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TABLE 5.- ULTIMATE LOADS AND UNIT STRESSES FOR 16-INCH PANELS. 



Panel 


Ulti- 
mate 


Stiff- 
ener 


Average 
stiff- 


Total 
area 


Average 
ultimate 


Percent ! 
variation t 


^est 
;roup 

1 


Type 
of 




load 
(It) 


area 

(sq 
in.) 


ener 
stress 

(lWsq 
in.) 


(sq 
in.) 


stress 

(lh/sq 
in.) 


Ulti- 
mate 
load 


Av- 

e r- \ 
age \ 
str- \ 
ess \ 


failure 
(a) 






4- inch 


stiffener spacing 








PA-1 
PA-2 
PB-1 
PB-2 
PC-1 
PC-2 
PD-1 
PD-2 


19,500 
19,200 
19,000 
19,050 
21,700 
21,600 
21,400 
22,020 


0.475 
.474 
.455 
.456 
.478 
.477 
.479 
.485 


4.1,000 
40,500 
41,800 
41,800 
45,400 
45,700 
44,700 
45,400 


0.719 
.702 
.689 
.688 
.698 
.703 
.705 
.715 


27,100 
27,400 
27,600 
27,700 
, 31,100 
31,000 
30,300 
30,800 


-1.5 
.3 
.5 
2.9 


1.1 
.4 
.3 

1.6 


1 
3 
1 
3 
1 
3 
1 
3 


T 
T 
L 
L,T 
L 
L 
L 
L 






6-inch 


stiffener spacini 


e 




PA-4 
PB-4 
PC-4 
PD-4 


18,800 
21,100 
21,475 
22,225 


.472 
.481 
.471 
.475 


39,800 
45,800 
45,600 
46,800 


.796 
.809 
.796 
.803 


23,600 
26,100 
27,000 
27,700 






3 
3 
3 
3 


T 
T,L 

L 
L 






8 -inch 


stiffener spacing 








PA-6 
PB-6 
PC-6 
PD-6 


19,520 
19,895 
20,250 
21,610 


.475 
.455 
.459 
.474 


41,100 
43,700 
44,100 
45 , 600 


.921 
.910 
.886 
.874 


21,200 
21,900 
22,900 
24,700 






3 
3 
3 
3 


T 
L 
L 
L 








10-inch 


stiffener spacing 








PA-8 
PB-8 
PC-8 
PD-8 


19,770 
' 19,720 
21,510 
22,020 


.472 
.458 
.476 
,4^5 


41,900 
43,000 
45,200 
46,400 


1.008 
1.001 
.990 
1.021 


19,600 
19,700 
21,700 
21,600 






3 
3 
3 
3 


L,T 
L 
L 
L 



flotation for types of failure: 
L, local "buckling 
T, torsional 

Where two types of failure were observed in the same test, the 
one which seemed to the observers to "be the primary type is 
listed first. 
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TABLE 5.- AVERAGE SHORTENING OP 24- INCH PANELS UNDER VARIOUS LOADS. 





Panel 


Shortening in inches/ 10, 000 under load P 


of 


Sub- 
critical 
load 8 ' 






5,000 


10,000 


12,000 


14,000 


15,000 


16,000 


18,000 


Sub- 






(lb) 


(lb) 


(lb) 


(lb) 


(lb) 


(lb) 


(lb) 


critical 
load 


(lb) 




4- inch 


stiffener spacing 






PA -9 


<- \J-L 




4ftft 

lOO 


584 


641 






721 


15,830 


' PA- 10 


212 


423 


508 


U <J\J 


658 






695 


15,415 


PB -9 


205 


411 


496 


589 


640 


702 




81 3 


] 6 990 

j i/ \J\s 


PB-10 


213 


427 


515 


612 


661 


715 




KJ JL \J 




PC -9 


206 


411 


494 


586 


635 


686 


806 


1044 


20 425 


PC-10 


210 


422 


510 


604 


655 


710 


835 


1146 


20 « 450 


PD -9 


192 


389 


474 


561 


606 


655 


784 


805 


18,140 












6-inch 


stiffener spacing 






PA-11 


201 


400 


483 


583 








585 


14,040 


PA- 12 


202 


404 


485 


575 


633 






715 


15,600 


PB-11 


222 


404 


489 


584 


635 


705 




712 


16,215 


PB-12 


190 


394 


480 


570 


615 


665 




750 


17,100 


PC-11 


201 


399 


484 


572 


619 


669 


786 


922 


19,675 


PC-12 


192 


400 


495 


590 


638 


687 


805 


986 


20,070 


PD-11 


196 


389 


4fi7 


556 


599 


648 


793 


798 


18,035 


PD-12 


207 


415 


49ft 


589 


637 


687 




812 


17,500 






P 

O 


-inch stiffener spacing 




PA-13 


190 


380 


4S8 


544 


590 


647 




748 


16,835 


PA-14 


195 


399 


Jv>J 


684 








760 


14,500 


PB-13 


193 


383 


466 


554 


601 


653 




741 


17,355 


PB-14 


210 


415 


496 


585 


631 


685 




767 


17,220 


PC-13 


203 


403 


486 


575 


620 


670 


783 


978 


20,305 


PC-14 


205 


405 


485 


570 


615 


667 


793 


1090 


20,110 


PD-13 


198 


393 


473 


561 


609 


661 




763 


17,485 


PD-14 


195 


385 


463 


550 


600 


655 


775 


757 


17,705 




10 


-inch s 


tif fene 


r spacing 




PA-15 


189 


376 


454 


543,_ 


601 






678 ' 


15,400 


PA-16 


199 


597 


477 


519 h 








584 


13,785 


PB-15 


191 


380 


459 


545 


591 : 


639 




770 


17,355 


PB-16 


T90 


390 


470 


560 


610 


660 




750 


17,450 


PC-15 


199 


397 


481 


567 


611 


663 


782 


953 


19,790 


PC-16 


216 


426 


508 


596 


646 


700 


833: 


966 


19,310 


PD-15 


192 


385 


468 


553 


599 


648 




731 


17,200 


1 PD-16 


186 


380 


465 


555 


602 


660 




710 


17,060 



^Sub-critical load is last load before the ultimate. 
Reading for P = 13,000 lbs< 
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TABLE 7.- AVERAGE SHORTENING 0? 16-INCH PANELS UNDER VARIOUS LOADS 



Panel 




Shortening in inches/ 10, 000 under load P of 


Sub- 






















critical 


























5,000 


10,000 


15,000 


16,500 


18,000 


19,000 


20,000 


Sub- 


load a 




















critical 






(It.) 


(lb) 


(lb) 


(It) 


(It) 


(lb) 


(lb) 


load a 








4- inch stiffener spacing 


PA-1 


138 




277 


431 


485 


553 


625 




627 


19,015 


PA-2 


145 


287 


438 


491 


566 






650 


18,920 


PB-1 


142 


284 


438 


496 


571 






639 


18,875 


PB-2 


140 


280 


432 


480 


555 






655 


18,770 


PC-1 


136 


271 


423 


477 


538 


585 


643 


769 


21,335 


PC-2 


138 


275 


425 


478 


535 


580 


638 


750 


21,310 


PD-1 


137 


271 


416 


466 


522 


566 


616 


743 


21,405 


PD-2 


130 


262 


410 


460 


515 


555 


600 


710 


21,625 




6-inch stiffener spacing 


PA-4 


130 




262 


407 


452 


532 






580 


18,360 


PB-4 


125 


< 


256 


400 


450 


508 


550 


604 


705 


20,660 


PC-4 


118 




245 


398 


452 


518 


568 


622 


700 


20,960 


PD-4 


128 




258 


395 


441 


498 


540 


585 


690 


21,525 






8-inch stiffener spacing 




PA-6 


125 




250 


395 


446 


500 


560 




620 


19,320 


PB-6 


125 




250 


402 


457 


520 


582 




622 


19,480 


PC-6 


130 




260 


416 


470 


530 


582 




690 


19,985 


PD-6 


130 




261 


403 


455 


513 


558 


608 


725 


21,280 




10- inch stiffener spacing 


PA-8 


128 




255 


390 


438 


491 


538 




575 


19,350 


PB-8 


130 




259 


403 


456 


520 


570 




590 


19,300 


PC-8 


122 




251 


400 


450 


505 


549 


600 


680 


21,100 


PD-9 


125 




250 


385 


430 


480 


518 


560 


! 638 


21,410 



a The sub-critical load is the last load at which readings were 
taken before the ultimate load. 
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TABLE 8.- LOADS AT INCIPIENT FAILURES OF TEST GROUP 3. 



Panel 



Skin truckles 



Stiffener waviness 



Stiffener twist 



Stiff- 
ener 1 



Stiff- 
ener 3 



Stiff- 
ener 1 



Stiff- 
ener 2 



Stiff- 
ener 3 



Stiff- 
ener 1 



Stiff- 
ener 2 



Stiff- 
ener 3 



PA-2 
PA-4 
PA-6 
PA-8 

PB-2 
PB-4 
PB-6 
PB-8 

PC-2 
PC-4 
PC-6 
PC-8 

PD-2 
PD-4 
PD-6 
PD-8 



12,015 
15,000 
13,495 
17,010 

15,000 
13,530 
13,520 
14,995 

16,470 
14,965 
14,960 
10,575 

12,015 
10,520 
10,475 
12,000 



12,015 
15,000 
14,970 
12,010 

15,000 
16,455 
18,670 
18,020 

10,530 
14,965 
11,990 
9,070 

12,015 
10,520 
10,475 
15,020 



18, 700 a 
16,380 a 
17,020 a 
17,795 a 

18, 300 a 

19,180 a 
19,100 a 

20,680 
20,960 
19,090 
20, 680 a 

21,100 
21,525 
20,350 a 
20,530 



18,700 a 
18,330 a 
19,340 
18,970 a 

18,30C a 
20,660 
18,670 
18,745 

19,040 
20,960 
19,985 
20,680 a 

19,140 , 
21,525 
21,280 
20,530 



18,700' 
16,445 
19,160 
17,795< 

18,630 
20,660 
19,180^ 
19, 100 i 

19,040 
20,435 5 
18,260' 
13,420 

21,100 
22,225 
14,980 



a 



18,520 
18,330' 
18,320* 
18,770 

18,770* 
20,660 
19,180 



17,300 a 
18,320 a 



a 



15,680 a 



After maximum load had been passed. 
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TABLE 9.- PANEL ACTION 07 TEST GROUP 3 IN FAILURE. 



Cycl 




Phase 

(a) 


FA- 6 


"DA A 


rA- b 


"DA Q 

rA-o 




ro— *± 


rn — O 


P"R R 


1 




A 


19,200 


18,160 


19,520 


19,770 


19,000 


21,100 


19,895 


19,720 






B 
















19,720 






C 


18 , 920 


17,910 


19,340 


18,970 


18,770 


20,660 


19,180 


19,100 






D 


18,860 


17,890 


19,280 


18,890 


18,700 


20,600 


19,120 


19,035 


2 




A 


19,200 


18,580 


19,520 


19,220 


19,050 


20,950 


19,520 


19,320 






B 


18,700 










18,450 










C 


18 , 300 


18,360 


19,070 


18 , 780 


18 , 300 


17,310 


18,140 


18,920 






D 


18,230 


18,320 


19,000 


18,720 


18,260 


17,250 


18,060 


18,850 


3 




A 


18,600 


18,800 


19,320 

7 « 


19,020 


18,475 


18,000 


18,420 


19,120 






B 






19,32CT 






15,200 


18,280 








C 


17,300 


18,330 


18,320 


18,260 


17,550 


14,820 


17,520 


18,180 






D 


17,250 


18,300 


18,260 


18,110 


17,500 


14,685 


17,410 


18,120 


4 




A 


17,600 


18,750 


18,720 


18 , 420 


17,900 




17,670 


18,360 






B 


17,320 












17,670 b 


18,360 b 






C 


17,000 


17,500 


17,020 


17,795 


16,800 




16,820 


15,395 






D 


16,950 


17,400 


16,920 


17,655 


16,740 




16,790 


15,335 


5 




A 


17,300 


17,800 


17,320 


18,020 


17,100 




17,220 


15,920 






B 






16,850 


17,410 


16,610 






15,680 






C 


16,180 


16,380 


15,820 


16,950 


16,000 




15,970 


15,140 






D 


16,110 


16,300 


15,770 


16,840 


15,970 




15,880 




6 




A 


16,400 


17,000 


16,120 


17,320 


16,300 




16,220 








B 




16,350 






15,750 












C 


15,150 


15,500 


15,220 


14,420 


15,300 




14,990 








D 


15,100 


15,380 




14,020 


15,250 




14,870 




7 




A 


15,500 








15,600 












B 


14,800 




















C 


14,570 








13,780 












D 


14,460 








13,700 









Phase A is maximum load of cycle. 
Phase B is load just "before failure. 
Phase C is load just after failure. 

Pnase D is load after taking dial readings and just before 

starting next cycle. 
Ho decrease in load between phases A and B. 
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TABLE 9.- PANEL ACTION OF TEST GROUP 3 IN FAILURE- (CONTINUED.) 



Cycle 


Phase 


PC-2 


PC-4 


PC-6 


PC-8 


PD-2 


PD-4 


PD-6 


PD-8 


1 


A 


21,800 


21,475 


20,250 


21,510 


22,020 


21 , 700 


21.610 


20,725 




B 
C 


- 

21,190 


- 

20,750 


— 

19,550 


- 

20,680 


— 

21,670 


- 

21,525 


21,280 


— 

20,530 




D 


21,150 


20,700 


19,490 


20,620 


21,550 

i 


21,450 


21,240 


20,480 


2 


A 


21,600 


21,100 


19,950 


21,020 


22,000 


22,225 


21,750 


21,630 




B 


- 


- 


- 


19,380 


- 


- 


— 


— 




C 


20,890 


20,435 


18,260 


18,680 


20,840 


20,935 


20,350 


21,430 




D 


20,790 


20,385 


18,210 


no rec 


20,700 


20,900 


20,250 


21,380 


3 


A 


20,900 


20,900 


18,700 


19,020 


21,100 


21,400 


20,500 


22,020 




B 


- 


- 


«• 


19,020 


19,600 


— 


— 


21,895 




C 


19,250 


19,140 


16,160 


16,320 


18,510 


19,450 


15,860 


20,310 




D 


19,190 


19 . 060 


15.980 


no rcc 


18,450 


19,320 


15,780 


20,270 


4 


A 


19,600 


19,400 


16,300 


16,920 


18,830 


19,700 




20,760, 




B 


18,110 


19,400 


16,180 


- 


18,830 h 


19,130 




20, 760 b 




C 


17,425 


18,580 


13,570 


15,420 


8,950 


7,525 




6,20C 




D 


17,350 


18,530 






8,950 








5 


A 


17,800 


18,950 
















B 


17,150 


18,150 
















C 


16,520 


17,400 
















D 


16,470 


17,350 














6 


A 


15,900 


17,800 
















B 




17,800 b 
















C 


14,550 


16,600 
















D 


14,400 


16,550 














7 


A 




17,000 
















B 




















C 




14,240 
















D 




14,120 















No decrease in load between phases A and B. 
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TABLE 10 - EXCERPTS FROM LOGS OF PANEL COMPRESSION TESTS 

Panel Load Remarks 
(lb) 

PA-2 18,300 Stiffener 1 failing torsionally w ith secondary local buckling. 

Sj.me action, but not so pronounced in stiffener 3. Stiffener 2 
shows local buckling with secondary twist. 

17,300 All deformations much increased and deformation of stiffener 2 now 
appears primarily torsional and secondarily local buckling. 

15,150 Deformations have been increasing continuously. 

PA-4 17,910 Slight noise due to sheet buckling. Stiffener 3 definitely twist- 
ing. 

18,360 Stiffener 3 twisting considerably. Stiff eners 1 and 2 show no 
distress. 

18,330 Stiffener 2 now has a buckle. Stiffener 1 shows no real distress, 
but is starting to twist. 

17,500 Same deformations more pronounced. 

16,380 Stiffener 1 now badly twisted. Both 1 and 3 are primarily twist- 
ing; whereas 2 exhibits primarily local buckling. Stiffener 1 also 
has a local buckle, but stiffener 3 has none. 

15,500 Loud noise as buckles increase with sudden drop in load. 

PA-6 19,340 No particular action at maximum load. Stiffener 2 shows signs of 
buckling of riveted flange. Stiffener shows combination of twist- 
ing and local buckling. 

18,320 Stiffener 3 failed with sharp noise. Stiffener 2 is buckled on 
riveted flange and to less extent on outer flange. It is also 
somewhat twisted. Stiffener 1 is twisted, but shows no serious 
local buckling. 

17,020 Stiffener 1 now shows local buckling as well as considerable twist. 

15,820 Stiffener 2 failed noisily. 

PA-8 18,970 Edge stiff eners are considerably twisted, but have not failed. 

Stiffener 2 has failed by local buckling of flanges near midheight . 

17,795 Edge stiff eners showing local buckling a£ well as twisting. 

16,950 Drop of load probably due to increased buckling of stiffener 2. 

14,420 Stiffener 1 is bearing against testing apparatus. The panel is 

badly deformed with edge stiffeners twisted and all three bucklec? 
locally . No rivets had failed. 

PB-2 18,300 Stiffener 3 appears to have failed, primarily by local buckling. 

17,550 Stiffeners 1 and 2 appear to have failed primarily by local 
buckling. 

P3-4 17,720 Slight noise from sheet buckling, no other change. 

20,660 Stiffener 1 twisting. Stiffener 2 has wavy outer flange. Stiff- 
ener 3 has buckle in outer flange. 

17,310 Loud noise with pronounced failure. Stiffener 1 twisted with sec- 
ondary local buckle. Stiffeners 2 and 3 have fairly large buckles 
with secondary twisting. One rivet failed on stiffener 3. 

PB-6 19,500 (Before max. load.) Outer flange of stiffener 2 buckling locally 
and appears ready to fail. 

19,180 Buckle in flange of stiffener 2 slightly larger. Stiffener 3 appears 
to have failed by local buckling of both flanges near midheight. 
Stiffener 1 shows twist and incipient local buckling. No noise. 

18,140 Same failures more pronounced. 

17,520 Sharp noise due probably to change in buckle pattern of sheet. 
16,820 Sharp noise with intensification of stiffener buckles. 
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TABLE 10.- EXCERPTS FROM LOGS OF PANEL COMPRESSION TESTS (Contd.) 

Panel Load Remarks 
(lb) 

PB-8 19,100 Noise at failure not loud. Definite local buckling of outer flange of 
stiffener 1 and incipient failures of outer flanges of stiffeners 2 

and 3. 

15,395 Two noises heard before load reading could be taken. Bad local buck- 
ling of stiffener 1 and moderate failure of stiffener 2. Stiffener 3 
shows distress but is in fairly good shape. Rotation pointer knocked 
off stiffener 1 in the failure of that stiffener. 

15,140 Stiffener 2 rotated until pointer struck test apparatus. Stiffener 2 

also badly buckled, but stiffener 3, although buckled locally, is still 
holding considerable load. 

PC-2 21,800 Buckle forming in stiffener 3. 

20,890 Stiffener 3 appears to have failed by local buckling. 

17,425 Stiffeners 1 and 2 appear to have failed by local buckling. A rivet 
has failed in stiffener 3. 

PC-4 20,750 Stiffener 1 appears to have failed by local buckling with secondary 
twist . 

18 580 Stiff eners 2 and 3 show considerable distress, but have not completely 
failed. 

17,400 Stiffener 2 has failed by local buckling. 

16,600 Stiffener 3 has failed by local buckling with secondary twist. 

PC-6 19,985 (Before max. load.) Three waves in outer flange of stiffener 1, one 
on flange of stiffener 2, no definite buckling of stiffener 3. 

19,550 Failure of outer flange of stiffener 1. 

18,260 Bad bulges in outer flanges of stiffeners 1 and 2. Smaller bulge on 
flange of stiffener 3. 

16,160 All stiffeners show large buckles. 

13,570 Loud noise accompanied failure. Principal failure that of stiffener 1. 

PC-8 20,680 Local buckles in both flanges of stiffeners 1 and 2. None on stiff- 
ener 3. 

18,680 Bad local buckling of stiffener 1, moderate buckling of stiffener 2, 
none on 3. 

16,320 More failure of stiffener X but stiffener 3 still holds. 

13,420 Stiffener 3 buckled near upper end. No sudden failure of this stiff- 
ener during the test. 

PD-2 21,670 Stiffener 3 appears to have failed by local buckling. 

20,840 Stiffener 2 appears to have failed by local buckling. 

18,510 Stiffener 1 appears to have failed by local buckling. 

8,950 The panel failed with a loud noise and suddenly greatly increased 
deformation. The load drop was from 18,830 to 8,950. 

PD-4 19,450 Stiffeners 1 and 2 appear to have failed by local buckling. 

7,525 When the load was 19,130, the panel failed completely with a loud 

noise. After this failure stiffener 3, although much twisted, appeared 
in relatively fair shape, but stiffeners 1 and 2 were badly buckled. 

PD-6 20,350 Buckle in stiffener 2 fairly large. Stiffener 1 showing waviness. 
Buckles in stiffener 3 considerably increased in size. 

15,860 All three stiffeners are buckled near each end and equilibrium load 
is decreasing as strain increases. At no time in this test did any- 
thing give way with a noise. 

PD-8 20,310 Platen dial no. 1 suddenly dropped back from 0.057 to 0.053. Stiff- 
ener 1 suddenly buckled, followed shortly by stiffener 2. Stiffener 
3 showed no distress. 

6,200 When the load was 20,760, stiffeners 1 and 2 failed with a loud noise, 
but stiffener 3 showed no distress. The load dropped to 6,200. 



TABLE 11.- PANEL ACTION OE TEST GROUP 2 IN FAILURE. 



CO 



Panel 



PA-10 
PA-L2 
PA-14 
PA-16 

PB-10 
PB-12 
PB-14 
PB-16 

PC-10 
PC-L2 
PC -14 
PC-16 



PD-12 
PD-14 
PD-16 



Ulti- 
mate 
load 

(It) 



16,000 
15,900 
15,100 
14,875 

17,120 
17,500 
17,740 
18,280 

20,450 
20,450 
21,135 
19,950 

17,985 
17,700 
17,600 



Load at 

first 
failure 

(lb) 



16,000 
15,900 
14,650 
14,875 

16,715 
17,500 
17,610 
18,280 

20,450 
20,450 
21,135 
19,950 

17,985 
15,500 
17,600 



Load 
after 
failure 
(lb) 



Ratio 



14,885 


0.93 


3T 


1 R flSO^ 


98 


3T 


14,500 


.99 


3T 


14,000 


.94 


2TL,1T 


15,150 


.90 


3T 


16,975 


.97 


1T,3T 


17,000 


.96 


3L 


17,700 


.97 


2T 


13,430 


.65 


2L,3LT 


17,370 


.85 


3L 


17,800 


.84 


. 3L,2L 


19,225 


.96 


2L,3L 


16,600 


.92 


3L ,2L 


14,000° 


.91 


2L 


7,770^ 


j .44 


1T,3T,2L 



Stiffener 
that 
failed a 



Load at 
second 
failure 
(lb) 



15,250 
15,850 
15,100 



16,500 
17,225 
18,200 



17,250 
18,600 
19,700 



14,000 



Load 
after 
failure 
(lb) 



Stiffener 
that 
failed a 



15,000 
15,640 



15,000 
16,730 
17,880 



15,000 



13,280 



^ indicates local and T torsional failure. 
^Reading not definite. 
c Violent failure. 



2T 
IT 
2L 



3L,2T 
2LT 
IT 



2L 
1L 
2L,3L 

1L 
1L,3L 



Load at 

third 

failure 



15,350 
15,000 



IP, 725 

17,050 
17,240 



Load 
after 
failure 
(It) 



13, £50 
12,900 



9,965 

16,625 
16,150 



Stiffener 
that 
failed 



IT 
2T 



1,2 

1LT 
3LT 



o 
> 

CD 
O 

B" 

O 
P 



O 
c+ 

O 



00 
00 
CO 
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TABLE 12.- POINTER ROTATIONS FOR 24- INCH PANELS 



[Measured in radians/ 1,000 



Panel 


Sub- 


Stiffener 1 




Stiffener 2 




Stiffener 3 






crit- 






















ical 


8,000 


12,000 


Sub- 


8,000 


12,000 


Sub- 


8,000 


12,000 


Sub- 




load 






crit- 






crit- 






crit- 










ical 






ical 






ical 




(lb) 


(lb) 


(lb) 


load 




("lb") 


load 


\,J.D 1 




load 


PA -9 


15,830 






— 




T *~ 


♦ 5 






_ 


PA-10 


15,415 


1 1 
— 11 




-129 




A 


-5 


f-L 


T J — L 


♦ 80 


PB -9 


16,990 






— 


T u> 


I 0 


-4 








PB-10 


16,730 


— O 


99 


-14l a 


_1 
— JL 


-4 


-103 


+ A 




♦218 


PC -9 


£0,425 








tl 


-1 










PC-10 


20,450 


-5 


-15 


-51 b 


0 


0 


-7 h 


0 


♦ 1 


♦25 


PD -9 


18 , 140 








TO 


T 0 


+55 








PA-ll 


14,550 


— JLU 


— ou 


-209 


A 
— fi 


— O 


♦14 


TjLU 




+400 


PA-12 


15,600 


c: 
— O 


— _Lf± 


-172 


4- 7 


t -LD 


♦65 


▼ 0 




t-227 


PB-11 


16,160 


i n 

-iU 


9Q 


-145 


n 
u 


n 
u 


+ 6 


-i.fi 


PP 


-165 


PB-12 


17,100 


— *t 


c 
— 0 


-67 


o 
—C 


7 

• — ( 


-65 


t O 




♦129 


PC-11 


20,580 


E 
— 'O 


-ID 


-141 


A 
— fx 


Q 


-64 


— ± 


p 


+ 90 


PC-12 


20,070 


-9 


-14 


-111 




-1 


-10 


♦5 


+ 9 


+152 


PD-11 


18,035 


-7 


-7 


-6 


0 


-2 


-16 


♦14 


♦ 25 


+49 


PD-12 


17,500 


p 

— K 


T -L 


-14 


— ft 


i n 

-IU 


-28 


9 


^ 7 


♦10 


PA-13 


16,835 


—-LJL 


9 A 


-£26 


fO 


■^A 

T fx 


-4 


-f Q 


-4- P^ 


+185 


PA-14 


14,500 


— o 


"•it/ 


-27 


—ft 




♦48 


• CO 


-a-PAO 

▼ CfMJ 


*535 


PB-13 


17,355 


7 


-ID 


-122 


A 
—ft 


— 0 


♦11 




-♦ P 

T O 


♦78 


PB-14 


17,220 


n 
u 


1 


-45 


+1 9 




+13 


+ p~l 


> AP 


+179 


PC-13 


20,305 


o 
— <c 


—±\j 


-97 


— i. 


— fx 


-36 






+125 


PC-14 


20,110 


-4 


-15 


-66 


-5 


-13 


-48 


-l 


♦4 


+ 65 


PD-13 


17,485 


+9 


r!5 


♦■34 


♦ 6 


+ 8 


+22 


-12 


-24 


-86 


rD-14 


11 y IKJO 


-4 


-4 


1 9 
—lie. 


-1 


-5 


— lo 


-7 


-4 


r\ 
V 


PA-15 


15,400 


-12 


-38 


-^39 


-5 


-10 


-135 


-3 


♦3 


+ 90 


PA-16 


13,785 


-7 


-28 


-51 


0 


0 


♦ 6 


♦7 


+ 31 


+216 


PB-15 


17,215 


-8 


-26 


-124 


-3 


-6 


-34 


-1 


-5 


-23 


PB-16 


17,450 


-J2 


-8 


-42 


-5 


-13 


-61 


ts 


'tl 


♦ 54 


PC-15 


19,860 


0 


-5 


-59 


-4 


-12 


-64 


+ 5 


+11 


M54 


PC-16 


19,310 


♦ 3 


0 


-55 


+ 3 


t9 


+48 


+ 3 


♦ 13 


♦78 


PD-15 


17,250 


+ 3 


+ 5 


+16 


+2 


*1 


♦ 11 


-6 


-7 


-18 


PD-16 


17,060 


+32 


t55 ! 


^258 


-6 


-15 


-37 


-8 


-10 


-14 



Under 16,715 pounds, pointer knocked off before next reading 
could be taken. 

'Under 18,000 pounds, no readings were recorded for higher loads. 
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TABLE 13.- POINTER ROTATIONS FOR 16-INCH PANELS 
[Measured in radian s/ 1 ,000~| 



Panel 




Sub- 


Stiffener 1 




Stiffener 2 




Stiffener 3 








crit- 
























ical 


15,000 


18,000 


Sub- 


15,000 


18,000 


Sub- 


15,000 


18,000 


Sub- 






load 






crit- 






crit- 




crit- 






(lb) 






ical 






lcai 






ical 






(lb) 


(lb) 


load 


(lb) 


(lb) 


load 






load 


PA-l 




19,015 


- 


- 


- 




-3 


-20 






_ 


PA-2 


18,920 


-8 


-38 


-108 


-7 


-25 


-81 


t'8 


+27 


+62 


PR 1 
r D— _L 


18,450 








-6 


-17 


-26 








PB-2 




18,770 


-5 


-11 


-33 


+35 


+ *; 


+17 


4*1 ^ 




+140 


PC-1 


21,335 






M 


— o 


— JLX 


-37 






_ 


PC-2 


21,310 


-3 


-8 


-38 


-3 


-8 


-22 


ts 


t8 


♦50 


PD-1 


21,405 








*5 


+10 


+31 






- 


pn o 
I U— 


21,625 


-5 


-10 




n 




-10 


TO 


T O 


+•30 


PA-4 


18,360 


-12 


-22 


-28 


u 


— J-U 


-16 


«*» op 




+206 


PB-4 


20,660 


-5 


-11 


-105 


0 


0 


+15 


ts 


+18 


+40 


PC-4 


20,960 


0 


-2 


+17 


-6 


-10 


-18 


t5 


f9 


+-14 




21,525 


t5 


+8 


tlo 


0 


0 


0 


0 


+ 3 


+12 


PA-6 


19,320 


-12 


-21 


-45 


-2 


+ 5 


+40 


+16 


t40 


+144 


P3--6 


19,480 


-12 


-23 


-50 


♦15 


+34 


+75 


+13 


+25 


+52 


PC-6 


19,985 


-4 


-5 


-25 


0 


0 


+10 


0 


0 


-17 


PD-6 




21,280 


«t8 


+10 


t20 


0 


0 


-4 


-14 


-23 


-40 


PA-8 




19,350 


-15 


-40 


-74 


0 


0 


+15 


0 


-6 


-18 


PB-8 


19,300 


-5 


-5 


-12 


0 


-5 


-21 


0 


0 


-30 


PC-8 




?1,100 


-5 1 


-7 


-10 


0 


0 


+12 


0 


0 


-12 


PD-8 




21,410 


*9 


+11 


+18 


-4 


-8 


-13 


-3 


-4 


-7 



TABLE 14.- ULTIMATE STIFFENER LOADS UNDER AXIAL COMPRESSION. 



Specimen 


Shape 


Ultimate 
load 
(lb) 


Ultimate 
stress 

(lb/sq 
in.) 


Thickness i 
t 

(in.) 


I , mini- 
mum 
(in.*) 


(lb) 




16 - inch 


Length 




B 


- 1 


Z 


5,080 


32,400 


0.0642 


0.00520 


2070 


C 


- 1 


S 


5,900 


37,600 


0.0647 


0.00622 


2480 


D 


- 1 


c 


4,730 


30,000 


0.0649 


0.01105 


4400 










24 - inch 


Length 






B 


- 5 


z 


2,940 


19,000 


0.0635 


0.00515 


910 


C 


- 5 


s 


3,960 


24,300 


0.0641 


0.00616 


1080 


D 


- 5 


c 


3,240 


20,300 


0.0656 


0.01118 


1970 
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Figure 1 
NOMINAL SPECIMEN DIMENSIONS 




C section 
t ■ .064" 

J 



I 1 10 



(A) 



Typical Panel 

Material 

Sheet - 24S-T 

Stiffeners - 24S-RT 

Sheet thickness - 0,025 in. 

Stiffener thick.- 0.064 in. 

Rivets - 3/32" d. brazier head 
A17S-T Al. Alloy 
3/4 in. pitch 

b = 4, 6, 8, and 10 in. 

L = 16 and 24 in. 



Typical Stilfeners 
Z section S section 



U section 



i. no 



1.164 



|— .818^1 



:b) 




I.I 10 

(D) 



T 

.818" 
J. 



Stiffener Sections 



Developed length 
of center line, s 

Thickness, t 

Cross-section area, A 

Inside radius of bends, 



Section A, B, and C Section D 
2.52 in. 



.064 in. 
.161 sq.in. 
3/32 in. 



Moment of inertia, I (about e.g.) .0316 in. 



2.52 in, 
.064 in. 
.161 sq.in, 
3/32 in. 
.0109 in. 4 



Note- Rivet center line is in the center of the flange flat 
¥JHept for stiffener C; for C the position of rivet center 
line is given above. 
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Figs. 2,3 




Figure 3.- Panel bending test, three- 
quarter view. 
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Figure 4 

LOADING DEVICE FOR PANEL BENDING TESTS 



Figs. 4,5 




Figures 4 and 5 • 



\ 




Figure 6.- Plan view of testing machine, (a) Bracing to stabilize upper platen, 
(b) Upper platen, (c) Lower platen, (d) Extension rods. 

-a 

a> 




Figure 9.- Load deflection corves for panels in "bending, 6- inch 
circle spacing, center stiffener only. 
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Fig. 10 




o 




(a) Under initial load. (b) Under maximum load. (°) Under initial load as 

moving head of testing 
machine was raised* 

Figure 12.- Sequence photographs panel PA-16 . V 






(a) Under initial load. 



(b) Under maximum load. 



(c) Under initial load as 
moving head of testing 
machine was raised. 



Figure 13.- Sequence photographs panel PB-16. 



o 

O 

H* 
O 
P 



o 

CD 

O 

QD 
CD 



H 

GO 



(a) Under initial load. (t>) under maximum load Under initial load as 

moving head of testing 
machine was raised. 



Figure 14.- Sequence photographs panel PC-16. 



(a) Under initial load, 



(b) Under maximum load. 



(c) Under initial load as 
moving head of testing 
machine was raised. 



Figure IS.- Sequence photographs, panel PD-16. 
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CJ1 



Figure 16.- Panel PD-16 under P4ffl ,. a , „ _ , 

maximum load. Figure 17.- Panel PD-16 under 

maximum load. 



Figure 20.- Panel PA-6 under 

15,100 pounds 
after subjection to 19,500 
pounds . 




Figure 22.- Panel PB-4 under 

13,700 pounds 
after subjection to 19,050 
pounds . 



Figure 23.- Panel PB-4 under 

14 ,685 pounds 
after subjection to 21,100 
pounds . 



Figure 24.- Panel PB-6 under 

14,850 pounds 
after subjection to 19,875 
pounds . 



Figure 25.- Panel PB-8 under 

15,000 pounds 
after subjection to 19,700 
pounds . 



Figure 26.- Panel PC-2 under 

14,395 pounds 
after subjection to 21,800 
pounds . 



Figure 27.- Fanel PC-4 under 

14,120 pounds 
after subjection to 21,475 
pounds . 



Figure 28.- Panel PC-6 under 

13,570 pounds 
after subjection to 20,250 
pounds . 



Figure 29.- Panel PC-8 under 

13,400 pounds 
after subjection to 21,490 
pounds . 



Figure 30.- Panel PD-2 under 

8,950 pounds 
after subjection to 22,020 
pounds . 



Figure 31.- Panel PD-4 under 

7,525 pounds 
after subjection to 22,225 
pounds . 



Figure 33.- Panel PD-6 under 

15,780 pounds 
after subjection to 31,750 
pounds. 



Figure 33.- Panel PD-8 unde 

6,185 pounds 
after subjection to 22,000 
pounds . 



